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^toracx, The badccrof* hrewUBfi procfrduiftp has Uta used widely to transfer simply laKirxi^i trtdt* into elite rerxosroes 
Genetic marfcre cart wousc dm dr^irtwo of backcrotolag by I) Increasing the probability of obtaialiiff a sultaUe 

Sat^^L 25 t^^^^ff^ * ^« recovery. SlM^iatSaa <£d £*Id Jn\L>t*i 

Utat, for a (pram* «mifetin« of t** 200-cM chrtnriaConie*, b as|»g rejection on 40 or 8Q nurlcen; t*50BC IndWduaU tW 
wry the allele btla G t^^rrerf on reduce the number or backer** generation* needed from about sr* eD to three 

Tnc bwfccrgsi toeedinppxocedurtbaa been used widely 
to ttanafer «CapJy iflbrrked ttris rata elite flatotypes. 
Usually, the wit being trWcrred is controlled by a 
«r,gJc gene, but la ghly heritable oaiti tint complexly 
kauri ted have jtfre been transferred successfully by baefccraix* 
in 5 ; far example, maturity in maize (Rlntoe and Sent*, 1961; 
Shaver, 15*76), Today, backcrusanc is beio£ wed to transfer 
gees* introduced by tuch techniques as *r^rfbnuailoa or 
tnutadon Into appropriate cennpUam. 

Scvaal plantbrerifina textbooks grvc gnod dficefrptWM Of 
b\* backexoa pmceduta (AUard. I960: Pehr, 19*7), A dooOr 
parent (DP) carrying *trajf of JhBtcst ii enwsertto die rccunent 
parent <k*h an cura line out la TacJdnj the trail. The F Is 
crossed back to the kp to produce ihc BC. senoradoa. to the 
BC, andaubaequentbaetoTOM gawndoa*, aelected Individu- 
als carrying the acne bong trau/encd are biejoexocsed to die 
RP. The oxpeottd proportion of cp geaomi if radaced by half 
wjth W h generation of backc^winjtlcnwng effect of link 
age to (he (elected DP allele befog transferred, the pctcen^e 
rccurceot parent (%HP> fonoma «pcxicd in each backer^ 
£Ctieradon i* calculated as; 

where n is the number of bactetocaatf. 

Bacfccroawfls bf jafected planes to the RP can be repeated 
each cyetc until * tine Ii obtained thai it eaacatfallyivcnl op of 
th* that includes die Jntracrcsaed allele After fix b*ck- 
c raises, the expected recovery k>90% (Table I). 

Until r^e^tly, discission* of fee recovery of the RP genome 
during tack creasing have etnphsszed the expected values for 

Afialytts of MoUcular Marker 0q/ O 



%W shewn In Table t. end h4ve Ia«el$ Sgnoied the genetic 
varladoo fox ^>RP that wdra veond the expected menu. With 
thedcrelopmanc of ae«e«c marked capttWoof pmY^dlnftfiood 
genome coverage, thereby been iraer&$[if] [flidn£ fldvaniQ£e of 
that variation Lj ?i>crcaac the efficiency erf boolccwsin^ ' 

Selection ibr RP marker ^1 levies can (JjV^rcaso {Trendy die 
offectlveness of fci utooss pfagr&ms by aHowm'g the breeder to • 
1) select bockcros* plants (hit have a higjier propocdon of RP 
CenomfiL and 2) select heckcroatf Fndiv|jijuals that are better 
conversions near r n apped d&m>r elWc Wng transferred Ci»«.i 
3cIecifDr;c^llrik4£cclrac),Eitcrased Inprafizicmi btrmctiain^ 
genetic mirkerj to atttst blckcrojj^^icaJi \) tncrbaxa the 
peobabJJUy of obcai oine a suitable coiWejiaion, W 2) decease 
the time rennlfM to achU«« An tvtfceptabte sosovcry, 

tssitea to coftaider when p lanoJo^ a raarbfr-assttted back- 
crosi program lecludc I) the time advami&£o offing inariccjs 
to a*)Ut backfire s J Jnz, 2) the number of raerkcra needed, end 3) 
the number ef genotype » evalyate, fa. this repon, we vse 
rewlw from previous lHeniuf e 4 computer stTnuIatron, end em- 
pirical studies to provide some, guideline*, ' 

T*Wi X, &p<c(ft recovery ofr*e*rr*atportM {Rt} jtfitivrM airing 
C»lckcralTiA$. assmtiAf na uktAge to J Ad 6^;^ trailftmtd. 
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Tha mulie jcnoino was the model for On: simulation. The 
. simulated genome cqmafoed ten 200-cM afcromiMome*. Slmu- 
intiofi of croxsinpr over was hased on a Poiison diswlbminn with 
a menn of XO (X s i) (Hanson, 1959* *hJeh, Oft overage, 
gcnBracadono ertas over for every 100-cM l6fi*:fc.Tho urjiufo- 
iocs repotxod here assume no interference. Cod omnia/) t g&~ 
ncflc markers war© evenly distributed in thv jenoinc and silts 
of the dooor gen« were rand dot fy ass J gtied to genome locations. 

Sfmuiariona weTeconoWcdwjcb ibefolJowlnppftrftmetcia: 

Number Of progeny; 100 ar 500. 

Backxro** seneralagns; BC, BC. and BC. 

Number of mwkw*: 20,40, 80. ox 100. 

Number selected to form o\e BC feneration: I or 5, 

Selection Wan baaed c» 1) presence of uSe donorallele and 2) 
hicb %RP). WOT was calculated as the avrnigo of the (one at 
fro) selected iadividuals. Vetoes pt«eniEd are fre m^n p / so 
' junalations, 

KcanH* 

In the computer simulation study, all methods modeled 
; finally Increased the sp«d of reOOVCriaft tho *enoma 

eompwed to lire expected recovery with no marker- $wjis ted 
.*.' selection (compere TahTas 1 uu* 2). As lea£l 80 markers were 
, requited Co recover of Uw RP i^nomc in just thicc BC 

generation* CTflbls 2). Usa of at t«*t 80 marfcats and 500 
, progeny allowed recovery of 9Sfc RP in Jon two BC atmera- 

tinns. Slaaponce to selection was diminished only sKaLdy by 

sprcidina th* effort over five selections. Using markers, the 
■ number ofbackcro&s generiitfons needed to convwiao Inbred is 



reduced from □boot seven id three 

By ihc BCj jnanflwuon, (here app CBrt (afbc hp practical 

iSTEE tog f n lf2 v *' 100 WI^Ai* IT tha preW of 
tfve donor cretin she bacKcross individual* ear* be ascertained 
b^foro ^ marfcari ar. genoeyped, then only half the numbv of 
individuals indicated hi tho tablfts win tiesd to be rinaWL 

When a small number of makers arc uaed. (bay sickly 
became non-mfbm»«vo; i.e., * election cause* sha marker loci 

Is ftiny convanodCTablo^Hosptul ctal, I9^).Th**icuad 0 a 
was mostpromjneac in the larger popedom*, where a hlgha- 
atdeiMon intensity placed more selection pressure upon thm 
marfcer loci. Accordinniy, ic ic of interest to eonskfcr hmv 
elosely (ho cSUfflfttftin of based on inaikott reflcrtj * e 
eetual eeaoxnc coxnposf don. The cooibieahow of eso'naAdon or 
%rp based on fewer mariccja and 9Ufcequent4et«cuon tenfla to 
bias tho escirnaies injrwwd (compwt: Tables 2innd 3). 

Thc«suluffDmdwsiT^uIndoneomparcWbllwJi^ 
tfata,Tn a typical esimpIe^OBC.phftts earry^gthoeinjebajne 
tTaiuffcrred were penoiypcd mi &3 y^lymofphlqi^LP loci (note 
(hat this coTwpoods ta a popuUdon size; o< 100 uni*?e B ted 
plants in Table* 2 and 3). The five bast BC recoveries bad 
Mtiratcd 9fcRP vsluajt of gS.&tt, «2Jb%, 81.4%, aixd 

81.2*. Atec e^TUAting 10 BC^pJtetS fton «teh selected BC t . 
ihc best BC, ieeovery had an cellmate* %KP|or 94,6%. 

DlSEUSflOjS 

The sJmulatlonj frablc 2; ^ospjiaj 01 aj-i 1991) find our 

^S Ua S ro8m4Uy lntr "** ^aoffcctivcflcss Of aelceiion in 
the BC,. Hott/ever\ u3in s only ^b yr markers Ocr 200 cM wRl 
Italy fiudce ic very fltmeuts to map the location of the gene of 
Interest, Adequate -jutranTOaJign of the data Ic an hnpaitajir 
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< pan oU mariccr-asm ted backers* program. Heslly, the msrb 

tift taiown tnap position, Estimation of mappjn* tte 
,daidooof the locui i of interest, and gnpbfem) d. ap U T of <hc 
KfiuJis (y D tmg JUld rwfalcy, lj>gf» iro nil useful in under- 
dog euk3 conirollwa the ipeefflc uacJtcrcwi experunenr. 
being Conducted. 

# S^R 1 " ttwff gfiC of S onotio nuu-kcr^, the portion 

. flf gcaomB thai Is not linked to die al| e t 9 being traiu- 

• fctwd can be ftcovircd quidcly and wiih eojifldeoc^ Tha 
, ^ o/^Pwdn be alawe* on the Cnromoaomi carrylrtf thft 
.geng Of interosL A cnnrideTable amount of linkage <Jr»g is 
' tfpacted co accompany selection fo/ the fep alW* j n a back- 
.*rOJA program. Forajocus locaied lo die trdddla of i 200-*M 

duoaoowme, ihc fengtJiof th« pP chromaaom* acB mcni nc- 

• wa^i^elcodoa ti expected 10 bo 126, 153, and 2S cM in 
."Jf«5 fc ^ B C, 4 raittKl*i» ft^Bcuvrfy CHwon, 

J 959; NW* «*d Barbell*. J 992) fc Our t^ut^^Emon 
fca tec 0 mincfld3ilonofHoapjraI ec al. 0997) tot prufrwiSba 
5^ to wiecdon firfroconiW nanw piojlmaJ to the allele of 

• ■jfcrot, but that selection fbf recovery of tf» RP elsewhere U 
Ac j pnom* ^ eohrifared. Thia rwo^ac* saIec*^ ea* 
nObaMy-fac done quite efitetlvely ad hoc by the breeds once 

; the din u J^^dy jucixnarizrd; however, Uojpiial et aL 



i A**iysif v/Motecvter Marker Deia 



^ttm «qyi to Incorporate te two crffchahmo a selection 

^r:etfu^ 

or oactaosrfng, and they ^uld be used In aav serioua baefc- 
ooitf iig program if iusoutccs arc »ailabf* toitlia breeder. 

JUteFiturv CJukI 
^j^u^a^l M ^ Wap ^ ,,nI bw**** Wiley. New Voile. 

eamnMMMB lessen* aiow* a loon hjjj hKcrtry^uTl* 

. • ^J""^ A/uW. i»2. ystflft maricm In 

fffaffp'tf^ ,2 t r* ,n>B .^S™™- Generics 13*1150-1210. 

Kwqf, N.Ql and S o. Tatktt^y. , SB9 . tttsinrtiortftwnieiit (M.th 
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